An RF MEMS variable capacitor, fabricated in the PolyMUMPS process and tuned electrostatically, possessing a linear capacitance-voltage response is reported. The measured quality factor of the device was 17 at 1GHz, while the tuning range was 1.2:1 and was achieved at an actuation DC voltage of 8V only. Further, the linear regression coefficient was 0.98. The variable capacitor was created such that it has both vertical and horizontal capacitances present. As the top suspended plate moves towards the bottom fixed plate, the vertical capacitance increases whereas the horizontal capacitance decreases simultaneously such that the sum of the two capacitances yields a linear capacitance-voltage relation.
capacitance increases whereas the horizontal (lateral) capacitance decreases in such a way that the total capacitance change yields a linear response. The varactor was fabricated in the standard PolyMUMPS process.
Varactor Structure and Principle of Operation:
A scanning electron microscope (SEM) image of the proposed variable capacitor structure is provided in Fig. 1a ,
where the general structure of the capacitor is shown along with the measurement pads, anchors and suspension arms. As can be seen, the total varactor contains two varactors that are identical in shape, mirror-imaged, and sharing a single set of measurement pads. Two variable capacitors were required because the capacitance magnitudes initially acquired from a single varactor were small to be used in real applications. The suspension arms are 100µm long and 14µm wide whereas the top plate is nearly square in shape with a side length of 260µm. There is a total of eight suspension arms that hold the top plates of the overall varactor. The top plate (signal) was created using the Poly2 and METAL layers. As for the bottom plate (ground), it was created using the Poly0 layer only when the vertical capacitance is needed, and was created using the Poly2 and METAL layers anchored to the underlying Poly0 layer when the horizontal capacitance was needed.
Throughout the structure, the lateral separation between the signal and ground plates was 2µm. Fig. 1b shows the capacitor structure before actuation (0V), i.e. the overall capacitance of the variable capacitor is minimum. In this state, the vertical (transverse) capacitance is minimum because the top plate is furthest from the bottom plate. Conversely, the horizontal (lateral) capacitance is maximum because the suspended plate and the fixed plate are at the same altitude.
When the actuation voltage is applied, the suspended plate starts to move closer to the bottom fixed plate until the maximum overall capacitance is reached, which takes place when the dimples come in contact with the nitride. When this latter state is reached, the vertical capacitance is maximum because the suspended plate is as close as possible from the bottom plate, whereas the horizontal capacitance becomes minimum because the sides that used to be laterally facing each other are no longer so. Because the increase in the vertical capacitance is nonlinear, the horizontal capacitance decrease reduces the severity of the nonlinearity and yields linear overall change in capacitance.
Measurements:
The tuning characteristics of the varactor at 1GHz are shown in The Q at 1 GHz was 17 and drops to 6 at 4 GHz as shown in the sample measurement in Fig. 3 . Further, at pull-in, Q drops also to 6.2 at 1GHz. However, throughout the tunable linear range, Q was over 15 at 1GHz.
We summarize the performance of the proposed varactor with other reported varactors in Table 1 [2 -3, 5] . The reported varactors in [2-3] obtain a higher tuning range when compared to the proposed varactor at the expense of a much higher required voltage and a specifically developed process. Further, the proposed varactor outperforms the one reported in [5] on all fronts. We also note that the reported Q herein is higher than all previously reported.
Conclusion:
A variable capacitor with a linear CV response fabricated using the standard PolyMUMPS process has been presented. Among the desirable characteristics of the proposed varactor is that it required a low voltage to achieve the actuation. Unlike previously reported variable capacitors which possessed vertical capacitances only, the proposed varactor relies on vertical and horizontal capacitance changes within its structure to achieve the linear CV relation. Future work includes further optimization of the device to attain a higher tuning range and higher capacitance values. b A close up SEM of the lower right corner highlighted in a dotted box in Fig. 1a , showing the top plate (Poly2+METAL), the bottom plate (Poly0), horizontal capacitances, vertical capacitances, and the dimple. ______________ Fig. 2 Tuning characteristics of the proposed variable capacitor from 0V up to 8V (i.e. just before pull-in occurs at 8.5V). R 2 is the linear regression coefficient. ______________ Fig. 3 A sample measurement for the varactor showing that Q is 17 at 1GHz and 6 at 4GHz. 
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